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ABSTRACT: 

PROBLEM TO BE SOLVED: To reduce alpha rays emitted from a solder bump and 
reduce the soft error inversion ratio of a semiconductor device, by causing a 
solder alloy to be an alloy of Sn and Bi or an element having a specified 
atomic number and not related with specified alpha decay. 

SOLUTION: A solder bump 12 is formed on a pad electrode of a semiconductor 
substrate 10 by a plating method and a solder ball, thus forming a 
semiconductor device 14. A solder alloy is caused to be an alloy of Sn and Bi 
or an element having an atomic number smaller than 81 and not related with 
alpha decay. Among elements having atomic numbers smaller than the atomic 
number 82 of Pb, there exists no element related with decay series, such as, U 
and Th. Therefore, no alpha decay is generated and hence no alpha ray is 
emitted. Thus, the soft error inversion ratio of the semiconductor device 14 
may be reduced. Also, by reducing the quantity of alpha rays emitted from the 
solder alloy, the solder bump 12 may be arranged in a matrix. Therefore, finer 
pad diameter and pitch size of the bump are not necessary and deterioration in 
fatigue life of the solder bump 12 may be prevented. 
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(54) SEMICONDUCTOR DEVICE, CIRCUIT BOARD AND ELECTRONIC CIRCUIT DEVICE 
(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce alpha rays emitted from a 
solder bump and reduce the soft error inversion ratio of a 
semiconductor device, by causing a solder alloy to be an alloy of 
Sn and Bi or an element having a specified atomic number and not 
related with specified alpha decay. 

SOLUTION: A solder bump 12 is formed on a pad electrode of a 
semiconductor substrate 10 by a plating method and a solder ball, 
thus forming a semiconductor device 14. A solder alloy is caused 
to be an alloy of Sn and Bi or an element having an atomic number 
smaller than 81 and not related with alpha decay. Among elements 
having atomic numbers smaller than the atomic number 82 of Pb, 
there exists no element related with decay series, such as, U and 
Th. Therefore, no alpha decay is generated and hence no alpha 
ray is emitted. Thus, the soft error inversion ratio of the 

semiconductor device 14 may be reduced. Also, by reducing the quantity of alpha rays emitted from the 
solder alloy, the solder bump 12 may be arranged in a matrix. Therefore, finer pad diameter and pitch 
size of the bump are not necessary and deterioration in fatigue life of the solder bump 12 may be 
prevented. 
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CLAIMS 



[Claim(s)] 

[Claim 1] It is the semiconductor device characterized by Sn, Bi, or the atomic number being an alloy with the 
element with which the aforementioned solder does not participate in less than 81 alpha decay in the semiconductor 
device which has the solder bump who consists of a solder which was formed through the insulator layer on the 
semiconductor substrate in which the semiconductor device was formed, and the aforementioned semiconductor 
substrate, and was formed on the electrode connected to the aforementioned semiconductor device, and the 
aforementioned electrode. 

[Claim 2] The semiconductor device characterized by the amount of Pb contained in a semiconductor device 
according to claim 1 in Sn which constitutes the aforementioned solder being 1 ppm or less. 
[Claim 3] It is the semiconductor device characterized by the aforementioned solder containing Above Sn as the 
most components in a semiconductor device according to claim 1 or 2. 

[Claim 4] The semiconductor device characterized by having a wrap package for the support substrate by which flip 
chip junction of the aforementioned semiconductor substrate was done by the aforementioned solder bump, and the 
aforementioned semiconductor substrate further in a semiconductor device according to claim 1 to 3. 
[Claim 5] It is the semiconductor device characterized by the configuration of the aforementioned solder [ in / the 
joint of the aforementioned semiconductor substrate and the aforementioned support substrate / on a semiconductor 
device according to claim 4 and ] being a waist configuration where the center section was narrow. 
[Claim 6] The circuit board characterized by having a support substrate, the electrode formed on the 
aforementioned support substrate, and the solder bump according to claim 1 to 3 formed on the aforementioned 
electrode. 

[Claim 7] Electronic-circuitry equipment characterized by having the semiconductor device according to claim 1 to 
3 by which flip chip junction was carried out on the front face of the circuit board and the aforementioned circuit 
board. 

[Claim 8] It is electronic-circuitry equipment characterized by the configuration of the aforementioned solder [ in / 
the joint of the aforementioned semiconductor device and the aforementioned circuit board / on electronic-circuitry 
equipment according to claim 7 and ] being a waist configuration where the center section was narrow. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the technology which joins a 
semiconductor device to the circuit board etc. by the flip chip conjugation method, and relates to the semiconductor 
device, the circuit board, and electronic-circuitry equipment which fitted the flip chip conjugation method 
especially. 
[0002] 

[Description of the Prior Art] Conventionally, the terminal pad of LSI was formed in the periphery section of the 
field which has arranged the element. As the typical junction method which joins an element and a terminal, the 
wirebonding method was mainly used. However, with high integration of LSI in recent years, the formation of a 
many-items child of the number of input/output terminals and detailed-ization of the pitch between terminals 
advance, and the case where it cannot respond is increasing by the pad arrangement to the conventional periphery 
section. 

[0003] Then, since it corresponds to such many-items child-ization, a pad is arranged in the shape of an array on an 
element field, and the flip chip junction technology of mounting this in the circuit board by the solder bump is 
developed. In flip chip mounting, since direct LSI and a substrate are joined using a solder bump, there is the 
feature that a signal can be spread at high speed. Moreover, since a solder bump can form by the vacuum deposition 
or the galvanizing method, she has the feature of being able to respond to detailed-ization of a terminal easily. 
[0004] In addition, as a solder material used for flip chip junction, the alloy of the Pb-Sn system which made Pb 
(lead) the principal component was mainly used. 
[0005] 

[Problem(s) to be Solved by the Invention] Five kinds of isotopes, 214Pb, 212Pb, 210Pb, 208Pb, and 206Pb, are 
included in Pb used as a solder material. Since these isotopes were accompanied by the alpha decay which is an 
intermediate product in U (uranium) and Th (thorium) radioactive series, or an end product; and emits helium 
atomic nucleus in the case of decay, alpha rays might produce them from the inside of solder. 
[0006] For this reason, in flip chip mounting which stations a solder bump in the shape of an array to the active 
region of LSI, the soft error might arise by the alpha rays generated from the isotope and alpha decay nature 
impurity of Pb which are contained in a solder bump, on the other hand, it is put in practical use now most -- high 
-- the soft error is reduced when impurity contents to which the gate length of a transistor participates in the alpha 
decay produced from the old mine in these elements although the supply voltage between 0.5-0,75 micrometers and 
a source-drain was about 2.5-3. 0V, such as U and Th, constitute solder from a CMOS device [ **** ] using few Pb 
(the amount of alpha rays is about two about 1 cph/cm) 

[0007] However, in order to stop the calorific value which the gate number and the number of terminals are 
increasing, and is produced from an element with high integration of LSI in recent years, it is necessary to set up 
supply voltage low. In connection with this, the amount of maximum collection charges in the diffusion layer of N+ 
or P+ also becomes low. Moreover, in order to raise a degree of integration, also in the gate length of a transistor, 
detailed-ization is advancing. For this reason, although it becomes indispensable to set supply voltage as less than 
[ 2.0V ] from now on, and to set gate length as 0.25 micrometers or less from now on, since a semiconductor device 
becomes sensitive to the turbulence current generated by alpha rays by carrying out like this, there is a possibility of 
becoming easy to start a soft error. 

[0008] supply voltage -- 0.5 V — when it became low, about 2 figures of reversal incidence rates became high, since 
the amount of collection charges decreased similarly when gate length decreased, the cure against a soft error 
needed to be strengthened with detailed-izing of an element, and solder material which can reduce the rate of a soft 



error was desired The purpose of this invention is to offer the solder material which can reduce a soft error and 
offer further the semiconductor device and the circuit board which used this for the solder bump, and electronic- 
circuitry equipment. 
[0009] 

[Means for Solving the Problem] The aforementioned solder is attained by the semiconductor device characterized 
by for Sn, Bi, or the atomic number to be an alloy with the element which does not participate in less than 81 alpha 
decay in the semiconductor device which has the solder bump who consists of a solder which the above-mentioned 
purpose was formed through the insulator layer on the semiconductor substrate in which the semiconductor device 
was formed, and the aforementioned semiconductor substrate, and was formed on the electrode connected to the 
aforementioned semiconductor device, and the aforementioned electrode. Thus, by constituting a semiconductor 
device, the alpha rays generated from a solder bump can be decreased. Thereby, the rate of soft error reversal of a 
semiconductor device can be reduced sharply. 

[0010] Moreover, since a solder bump can be stationed in the shape of a matrix by reducing the amount of alpha 
rays generated from a solder, it is not necessary to make detailed a bump's diameter of a pad, and pitch size, and the 
fall of a solder bump's fatigue life can be prevented. Moreover, when low-battery-ization of the detailed-izing and 
supply voltage of a semiconductor device progresses further, a soft error can be prevented effectively. 
[001 1] Moreover, in the above-mentioned semiconductor device, it is desirable for the amount of Pb contained in 
Sn which constitutes the aforementioned solder to be 1 ppm or less. Thus, by decreasing the content of Pb, the 
probability which carries out alpha decay can be reduced to or less conventional 1 / ten to 1/100. Therefore, the rate 
of a soft error can be reduced sharply. Moreover, as for the aforementioned solder, in the above-mentioned 
semiconductor device, it is desirable to contain Above Sn as the most components. 

[0012] Moreover, in the above-mentioned semiconductor device, it is desirable to have a wrap package for the 
support substrate by which flip chip junction of the aforementioned semiconductor substrate was done by the 
aforementioned solder bump, and the aforementioned semiconductor substrate further. Thus, if a semiconductor 
device is constituted, the strong semiconductor package of soft error resistance can be formed. Moreover, as for the 
configuration of the aforementioned solder in the joint of the aforementioned semiconductor substrate and the 
aforementioned support substrate, in the above-mentioned semiconductor device, it is desirable that it is the waist 
configuration where the center section was narrow. Thus, if a semiconductor device is constituted, since the stress 
concerning an electrode can be distributed, the fall of the fatigue life of solder can be prevented. 
[0013] Moreover, it is attained by the circuit board characterized by having a support substrate, the electrode 
formed on the aforementioned support substrate, and the above-mentioned solder bump formed on the 
aforementioned electrode. Thus, by constituting the circuit board, soft error generating at the time of carrying a 
semiconductor device on the circuit board can be reduced. Moreover, it is attained on the front face of the circuit 
board and the aforementioned circuit board by the electronic-circuitry equipment characterized by having the 
above-mentioned semiconductor device by which flip chip junction was carried out. Thus, since the malfunction of 
the semiconductor device by the soft error etc. can be decreased if electronic-circuitry equipment is constituted, the 
reliability of electronic-circuitry equipment can be raised. 

[0014] Moreover, as for the configuration of the aforementioned solder in the joint of the aforementioned 
semiconductor device and the aforementioned circuit board, in above electronic-circuitry equipment, it is desirable 
that it is the waist configuration where the center section was narrow. Thus, if a semiconductor device is 
constituted, since the stress concerning an electrode can be distributed, the fall of the fatigue life of a joint can be 
prevented. Thereby, the reliability of electronic-circuitry equipment can be improved. 
[0015] 

[Embodiments of the Invention] The semiconductor device by the 1st operation gestalt of this invention is 
explained using drawing 1 and drawing 2 . The schematic diagram and drawing 2 which show the structure of the 
semiconductor device according [ drawing 1 ] to this operation gestalt are the outline cross section showing the 
structure of the semiconductor device by the modification of this operation gestalt. 

[0016] The method of preparing systematic safeguards, such as the method of applying the coating agent which has 
an alpha-rays shielding effect in a chip front face as a method of conventionally preventing the soft error by alpha 
rays, the method of changing the layout of the bump on LSI and enlarging distance to the source of alpha rays and 
an element, and error correction, the method of reducing the impure amount of resources used as the source of 
alpha rays included in solder material, etc. were used. 

[0017] In the conventional CMOS device, the bump has been stationed so that the distance to the source of alpha 
rays and an active region may separate as much as possible, and soft error reversal has been prevented. However, if 
a degree of integration will become still higher from now on, it will be necessary to station a solder bump also on 



an element. Moreover, if alpha-rays prevention by layout change of a bump is performed, although it is necessary to 
make detailed further a bump ! s diameter of a pad, and pitch size, it is necessary to secure the fatigue life by this 
stress enough repeatedly in this case. 

[0018] The method of reducing the source of alpha rays included in solder material to these methods is very 
effective. However, in the Sn-Pb system solder used conventionally, in the usual chemical treatment, it was 
impossible to have removed the isotope of Pb which participates in alpha decay, and it was not desirable from the 
field of material cost. 

[0019] Then, the invention-in-this-application person etc. considered constituting solder using the material which 
does not participate in alpha decay instead of the conventional Pb as a means to reduce a soft error. It was realized 
that the solder which consists of Bi (bismuth) or Pb by the element with the small atomic number and which used 
Sn (tin) as the base was specifically used. That is, in an element with the atomic number smaller than 81 of Pb, it is 
because alpha rays do not arise since alpha decay does not occur, since the element in connection with radioactive 
series, such as U and Th, does not exist. Moreover, it is because the half-life is as short as 19.9 minutes, and high- 
grade-izing is easy about Bi since there are also few abundance ratios of the isotope, although an isotope exists in 
radioactive series, such as U and Th. 

[0020] In this case, even if the element in connection with radioactive series contains as an impurity in each 
element, compared with the isotope removal in Pb, high-grade-izing of material is comparatively easy, and can 
make material cost cheap. In addition, as an element with the atomic number smaller than 81 of Pb, Sb (antimony), 
Ag (silver), Zn (zinc), etc. can be used, for example. 

[0021] Furthermore, the invention-in-this-application person found out that it was important to reduce Pb content, 
respectively about the composition element of solder. For example, although the Sn-Sb system solder used 
conventionally emitted little alpha rays, even if it removed U and Th which participate in alpha decay as much as 
possible out of Sn-Sb solder, the amount of alpha rays was not fully able to be reduced. 

[0022] As a result of an invention-in-this-application person's etc. investigating about this cause, it found out that 
alpha rays had occurred by the alpha decay of the isotope (214Pb(s) with an especially short half-life, 212Pb, 
210Pb) of Pb contained as an impurity in Sn. Then, when the amount of content Pb(s) in Sn was decreased, it turns 
out that the amount of alpha rays can be reduced. That is, the probability which carries out alpha decay was able to 
be reduced by holding down Pb concentration to 1 ppm or less to or less conventional 1 / ten to 1/100. 
[0023] Next, the semiconductor device using the above-mentioned solder as a solder bump is constituted, and the 
result which evaluated about soft error resistance is shown. First, the CMOS device constituted by n type MOS 
transistor and p type MOS transistor was formed according to the manufacture process of the usual MOS transistor 
on the p type silicon substrate. 

[0024] Subsequently, the pad electrode which consists of the wiring layer which consists of aluminum (aluminum) 
of about 1 micrometer of thickness, Ti (titanium) film of about lOOnm of thickness, a nickel (nickel) film of about 
200nm of thickness, and an Au(gold) film of about 200nm of thickness was formed through the insulating layer of 
about 500nm of thickness on the silicon substrate in which the CMOS device was formed. In this way, the 
semiconductor substrate 10 by which the semiconductor device was formed and the pad electrode was formed in 
the front face in the shape of a matrix was formed. 

[0025] Then, using the various solders shown in Table 1, on the pad electrode of the semiconductor substrate 10, 
the solder bump 12 was formed and the semiconductor device 14 was formed with the galvanizing method and the 
solder ball ( drawing 1 (a)). In addition, the dross-inclusion concentration of Pb used the thing 1 ppm or less for Sn 
raw material which constitutes a solder. Then, flux was applied to the front face of the semiconductor device 14 
formed in this way, and flip chip junction was carried out on the circuit board 16 which consists of A1N in a 
conveyer furnace ( drawing 1 (b)). At this time, the solder bump's 12 path was 100 micrometers, and the pitch 
between the solder bumps 12 was 210 micrometers. 

[0026] Thus, the rate of soft error reversal was measured about the semiconductor device 14 carried on the circuit 
board 16. In addition, the rate of soft error reversal generated alpha rays to the semiconductor device 14 using Po 
(polonium) standard sample (dose : 8.0x10 -3 Bq), and was measured with the circuit tester. Moreover, the amount 
of alpha rays in solder material was measured by the alpha-truck method. 

[0027] Consequently, as shown in Table 1, (the example 1 or the example 16), and the rate of soft error reversal 
were able to acquire the ten to 2 fit/bit [ less than ] value by using the solder which consists of Bi or Pb by the 
element with the small atomic number and which used Sn as the base instead of Pb. That is, as compared with the 
conventional Pb-5wt%Sn solder shown in the examples 1 and 2 of comparison, the rate of 2 or more figures low 
soft error reversal was able to be attained. 
[0028] 
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Therefore, if the solder bump for flip chip junction is formed using such a solder, the rate of soft error reversal of a 
semiconductor device can be reduced sharply. Moreover, since a solder bump can be stationed in the shape of a 
matrix by reducing the amount of alpha rays generated from a solder, it is not necessary to make detailed a bump's 
diameter of a pad, and pitch size, and the fall of a solder bump's fatigue life can be prevented. 
[0029] Moreover, when low-battery-ization of the detailed-izing and supply voltage of a semiconductor device 
progresses further, a soft error can be prevented effectively. In addition, although the above-mentioned operation 
gestalt explained the case where a semiconductor device was joined on the circuit board, you may join a 
semiconductor device to other substrates. For example, as shown in drawing 2 , a cap 20 may be put on the 
semiconductor device 14 joined on the substrate 18, and a semiconductor package 22 may be formed. Moreover, on 
the circuit board, a semiconductor device may be joined and a multi chip module may be formed. 
[0030] Moreover, in the above-mentioned operation gestalt, in case a solder is constituted, it is effective to make it 
the most components in a solder serve as Sn. Next, the semiconductor device by the 2nd operation gestalt of this 
invention is explained using drawing 3 or drawing 6 . The graph with which drawing 3 shows the relation between 
the tensile strength of Sn-Sb system solder and Sb addition, drawing where drawing 4 explains the problem by a 
solder bump's configuration, the schematic diagram showing the structure of the semiconductor device according 
[ drawing 5 ] to this operation gestalt, and drawing 6 are drawings showing the procedure which performed the 
fatigue-life examination in this operation gestalt 

[0031] If the solder bump for flip chip junction is formed using Sn system solder in the 1st operation gestalt, the 
rate of soft error reversal of a semiconductor device can be reduced sharply. However, the degree of hardness 
compares with Sn-Pb system solder, and the above-mentioned Sn system solder is a stiff. For example, as Sn-Sb 
system solder shows to drawing 3 , the tensile strength is 2 seven to 15 kgf/mm, and is larger than 3.5kgf/mm2 of 
Sn-Pb system solder. 

[0032] For this reason, if it joins by solder for example, using the solder bump 12 as shows drawing 4 , stress will 
concentrate on electrodes 24 and 26 in the case of junction, and we will be anxious about bringing about the fall of 
a fatigue life. This operation gestalt shows the structure of the semiconductor device which stress does not 
concentrate on an electrode in the case of junction. 

[0033] The semiconductor device by this operation gestalt has the feature in constituting so that the configuration of 



the solder after junction may turn into the waist configuration where the center section was narrow. That is, on the 
electrode 24 formed in the semiconductor substrate 10, the solder bump 12 formed so that the upper part might 
become thin is formed. On the other hand, the solder bump 12 formed so that the upper part might become thin is 
formed also on the electrode 26 on the circuit board 16 which carries a semiconductor device 14. Moreover, the 
stud bump 28 for making distance of the semiconductor substrate 10 and the circuit board 16 to join into a 
predetermined value further is formed in the circuit board 16. 

[0034] Thus, if the formed semiconductor device 14 is joined to the circuit board 16, the junction 30 by the solder 
in which the center section was narrow will be formed of the solder bump 12 of a semiconductor device 14, and the 
solder bump 12 of the circuit board 16. The interval between a semiconductor device 14 and the circuit board 16 is 
controlled by the stud bump 28 by desired distance. 

[0035] Since the stress concentration given to electrodes 24 and 26 in the case of junction by constituting the 
semiconductor device 14 and the circuit board 16 which have such a solder bump 12 is mitigable, when flip chip 
junction is performed using the above-mentioned Sn system solder, the fall of the fatigue life of the soldered joint 
section can be suppressed. Next, the result which performed fatigue-life evaluation is explained using drawing 6 
about the semiconductor device by this operation gestalt. 

[0036] First, the semiconductor substrate 10 of 13mm angle which has arranged the electrode 24 in the shape of a 
matrix was created as a sample for fatigue-life evaluation. The electrode 24 formed Ti film of about lOOnm of 
thickness, nickel film of about 200nm of thickness, and Au film of about 200nm of thickness by the cascade screen 
deposited one by one by the spatter. Subsequently, the solder bump 12 was formed on the electrode 26 of the circuit 
board 16, and the electrode 24 of the semiconductor substrate 10, using as a solder the Sn-5wt%Sb alloy which set 
Pb concentration in solder material to 1 ppm or less. Moreover, the stud bump 28 who consists of Au was formed in 
the four corners on the circuit board 16. A stud bump's height was adjusted so that the height of the solder bump 
after junction might be set to 120 micrometers. 

[0037] The solder bump formed by carrying out the vacuum evaporationo of the solder 12, after covering the 
semiconductor substrate 10 with the metal mask 32, as shown in drawing 6 (a). Thus, by forming the solder bump 
12, the upper part can form the solder bump 12 of a narrow configuration ( drawing 6 (b)). Thus, the solder bump 
12 formed the semiconductor device formed on the semiconductor substrate 10. 

[0038] Then, after applying flux to a front face, flip chip junction to a semiconductor device 14 and the circuit 
board 16 was performed by performing alignment of a semiconductor device 14 and the circuit board 16 ( drawing 
6 (c)), and performing a reflow all over a conveyer furnace ( drawing 6 (d)). Thus, the joined junction 30 was a 
waist configuration 210 micrometers and whose bump height the pitch between about 100 micrometers and a bump 
is 120 micrometers for the path. 

[0039] Then, as a result of performing a -65-125-degree C spalling test for the flip chip zygote formed in this way, 
the examination of 100 cycle could be cleared and it turns out that it has the fatigue life of the same grade as Pb- 
5wt%Sn solder. Thus, since according to this operation gestalt it constituted so that the configuration of the solder 
bump after junction might turn into the waist configuration where the center section was narrow, using Sn system 
solder in the 1st operation gestalt, it can suppress that stress concentrates on an electrode in the case of junction. 
Thereby, a fatigue life equivalent to Pb-Sn system solder is securable. 

[0040] Moreover, with this operation gestalt, since the solder used for the semiconductor device by the 1st 
operation gestalt is applied also to the electrode 26 on the circuit board 16, the reliability of the electronic-circuitry 
equipment with which the semiconductor device was carried in the circuit board can also be raised. In addition, 
although the above-mentioned operation gestalt explained the case where a semiconductor device was carried in the 
circuit board, in case the semiconductor package shown in drawing 2 is formed, it can apply. That is, in case a 
semiconductor device 14 is joined to a substrate 18, it can carry out by the method shown in drawing 6 . 
[0041] 

[Effect of the Invention] The semiconductor substrate in which, as for the above-mentioned purpose, the 
semiconductor device was formed according to this invention the above passage, In the semiconductor device 
which has the solder bump who consists of a solder which was formed through the insulator layer on the 
semiconductor substrate, and was formed on the electrode connected to the semiconductor device, and the electrode 
As a solder, since Sn, Bi, or the atomic number uses an alloy with less than 81 element which does not carry out 
alpha decay, the alpha rays generated from a solder bump can be reduced. Thereby, the rate of soft error reversal of 
a semiconductor device can be reduced sharply. 

[0042] Moreover, since a solder bump can be stationed in the shape of a matrix by reducing the amount of alpha 
rays generated from a solder, it is not necessary to make detailed a bump's diameter of a pad, and pitch size, and the 
fall of a solder bump's fatigue life can be prevented. Moreover, when low-battery-ization of the detailed-izing and 



supply voltage of a semiconductor device progresses further, a soft error can be prevented effectively. 
[0043] Moreover, in the above-mentioned semiconductor device, if the amount of Pb contained in Sn which 
constitutes a solder is set to 1 ppm or less, the probability which carries out alpha decay can be reduced to or less 
conventional 1 / ten to 1/100. Thereby, the rate of a soft error can be reduced. Moreover, as for a solder, in the 
above-mentioned semiconductor device, it is desirable to contain Sn as the most components. 
[0044] Moreover, in the above-mentioned semiconductor device, if a wrap package is further prepared for the 
support substrate by which flip chip junction of the semiconductor substrate was done by the solder bump, and a 
semiconductor substrate, the strong semiconductor package of soft error resistance can be formed. Moreover, in the 
above-mentioned semiconductor device, if the configuration of the solder in the joint of a semiconductor substrate 
and a support substrate is made into the waist configuration where the center section was narrow, since the stress 
concerning an electrode can be distributed, the fall of the fatigue life of solder can be prevented. 
[0045] Moreover, since a support substrate, the electrode formed on the support substrate, and the above-mentioned 
solder bump formed on the electrode constitute the circuit board, soft error generating at the time of carrying a 
semiconductor device on this circuit board can be reduced. Moreover, if the above-mentioned semiconductor device 
by which flip chip junction was carried out constitutes electronic-circuitry equipment on the front face of the circuit 
board and the circuit board, since the malfunction of the semiconductor device by the soft error etc. can be 
decreased, the reliability of electronic-circuitry equipment can be raised. 

[0046] Moreover, in above electronic-circuitry equipment, if the configuration of the solder in the joint of a 
semiconductor device and the circuit board is made into the waist configuration where the center section was 
narrow, since the stress concerning an electrode can be distributed, the fall of the fatigue life of solder can be 
prevented. 
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TECHNICAL FIELD 



[The technical field to which invention belongs] this invention relates to the technology which joins a 
semiconductor device to the circuit board etc. by the flip chip conjugation method, and relates to the semiconductor 
device, the circuit board, and electronic-circuitry equipment which fitted the flip chip conjugation method . 
especially. 
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PRIOR ART 



[Description of the Prior Art] Conventionally, the terminal pad of LSI was formed in the periphery section of the 
field which has arranged the element. As the typical junction method which joins an element and a terminal, the 
wirebonding method was mainly used. However, with high integration of LSI in recent years, the formation of a 
many-items child of the number of input/output terminals and detailed-ization of the pitch between terminals 
advance, and the case where it cannot respond is increasing by the pad arrangement to the conventional periphery 
section. 

[0003] Then, since it corresponds to such many-items child-ization, a pad is arranged in the shape of an array on an 
element field, and the flip chip junction technology of mounting this in the circuit board by the solder bump is 
developed. In flip chip mounting, since direct LSI and a substrate are joined using a solder bump, there is the 
feature that a signal can be spread at high speed. Moreover, since a solder bump can form by the vacuum deposition 
or the galvanizing method, she has the feature of being able to respond to detailed-ization of a terminal easily. 
[0004] In addition, as a solder material used for flip chip junction, the alloy of the Pb-Sn system which made Pb 
(lead) the principal component was mainly used. 



[Translation done.] 



* NOTICES * 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 
2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



EFFECT OF THE INVENTION 



[Effect of the Invention] By this invention, Sn, Bi, or the atomic number uses as a solder an alloy with less than 81 
element which does not carry out alpha decay in the semiconductor device which has the solder bump who consists 
of a solder which the above-mentioned purpose was formed through the insulator layer on the semiconductor 
substrate in which the semiconductor device was formed, and the semiconductor substrate, and was formed on the 
electrode connected to the semiconductor device, and the electrode as above. Therefore, the alpha rays generated 
from a solder bump can be reduced. Thereby, the rate of soft error reversal of a semiconductor device can be 
reduced sharply. 

[0042] Moreover, since a solder bump can be stationed in the shape of a matrix by reducing the amount of alpha 
rays generated from a solder, it is not necessary to make detailed a bump's diameter of a pad, and pitch size, and the 
fall of a solder bump's fatigue life can be prevented. Moreover, when low-battery-ization of the detailed-izing and 
supply voltage of a semiconductor device progresses further, a soft error can be prevented effectively. 
[0043] Moreover, in the above-mentioned semiconductor device, if the amount of Pb contained in Sn which 
constitutes a solder is set to 1 ppm or less, the probability which carries out alpha decay can be reduced to or less 
conventional 1 / ten to 1/100. Thereby, the rate of a soft error can be reduced. Moreover, as for a solder, in the 
above-mentioned semiconductor device, it is desirable to contain Sn as the most components. 
[0044] Moreover, in the above-mentioned semiconductor device, if a wrap package is further prepared for the 
support substrate by which flip chip junction of the semiconductor substrate was done by the solder bump, and a 
semiconductor substrate, the strong semiconductor package of soft error resistance can be formed. Moreover, in the 
above-mentioned semiconductor device, if the configuration of the solder in the joint of a semiconductor substrate 
and a support substrate is made into the waist configuration where the center section was narrow, since the stress 
concerning an electrode can be distributed, the fall of the fatigue life of solder can be prevented. 
[0045] Moreover, since a support substrate, the electrode formed on the support substrate, and the above-mentioned 
solder bump formed on the electrode constitute the circuit board, soft error generating at the time of carrying a 
semiconductor device on this circuit board can be reduced. Moreover, if the above-mentioned semiconductor device 
by which flip chip junction was carried out constitutes electronic-circuitry equipment on the front face of the circuit 
board and the circuit board, since the malfunction of the semiconductor device by the soft error etc. can be 
decreased, the reliability of electronic-circuitry equipment can be raised. 

[0046] Moreover, in above electronic-circuitry equipment, if the configuration of the solder in the joint of a 
semiconductor device and the circuit board is made into the waist configuration where the center section was 
narrow, since the stress concerning an electrode can be distributed, the fall of the fatigue life of solder can be 
prevented. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] Five kinds of isotopes, 214Pb, 212Pb, 210Pb, 208Pb, and 206Pb, are 
included in Pb used as a solder material. Since these isotopes were accompanied by the alpha decay which is an 
intermediate product in U (uranium) and Th (thorium) radioactive series, or an end product, and emits helium 
atomic nucleus in the case of decay, alpha rays might produce them from the inside of solder. 
[0006] For this reason, in flip chip mounting which stations a solder bump in the shape of an array to the active 
region of LSI, the soft error might arise by the alpha rays generated from the isotope and alpha decay nature 
impurity of Pb which are contained in a solder bump, on the other hand, it is put in practical use now -- most - high 
~ the soft error is reduced when impurity contents to which the gate length of a transistor participates in the alpha 
decay produced from the old mine in these elements although the supply voltage between 0.5-0.75 micrometers and 
a source-drain was about 2.5-3.0V, such as U and Th, constitute solder from a CMOS device [ **** ] using few Pb 
(the amount of alpha rays is about two about 1 cph/cm) 

[0007] However, in order to stop the calorific value which the gate number and the number of terminals are 
increasing, and is produced from an element with high integration of LSI in recent years, it is necessary to set up 
supply voltage low. In connection with this, the amount of maximum collection charges in the diffusion layer of N+ 
or P+ also becomes low. Moreover, in order to raise a degree of integration, also in the gate length of a transistor, 
detailed-ization is advancing. For this reason, although it becomes indispensable to set supply voltage as less than 
[ 2.0V ] from now on, and to set gate length as 0.25 micrometers or less from now on, since a semiconductor device 
becomes sensitive to the turbulence current generated by alpha rays by carrying out like this, there is a possibility of 
becoming easy to start a soft error. 

[0008] supply voltage - 0.5 V - when it became low, about 2 figures of reversal incidence rates became high, since 
the amount of collection charges decreased similarly when gate length decreased, the cure against a soft error 
needed to be strengthened with detail ed-izing of an element, and solder material which can reduce the rate of a soft 
error was desired The purpose of this invention is to offer the solder material which can reduce a soft error and 
offer further the semiconductor device and the circuit board which used this for the solder bump, and electronic- 
circuitry equipment. 
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MEANS 



[Means for Solving the Problem] The aforementioned solder is attained by the semiconductor device characterized 
by for Sn, Bi, or the atomic number to be an alloy with the element which does not participate in less than 81 alpha 
decay in the semiconductor device which has the solder bump who consists of a solder which the above-mentioned 
purpose was formed through the insulator layer on the semiconductor substrate in which the semiconductor device 
was formed, and the aforementioned semiconductor substrate, and was formed on the electrode connected to the 
aforementioned semiconductor device, and the aforementioned electrode. Thus, by constituting a semiconductor 
device, the alpha rays generated from a solder bump can be decreased. Thereby, the rate of soft error reversal of a 
semiconductor device can be reduced sharply. 

[0010] Moreover, since a solder bump can be stationed in the shape of a matrix by reducing the amount of alpha 
rays generated from a solder, it is not necessary to make detailed a bump ! s diameter of a pad, and pitch size, and the 
fall of a solder bump's fatigue life can be prevented. Moreover, when low-battery-ization of the detail ed-izing and 
supply voltage of a semiconductor device progresses further, a soft error can be prevented effectively. 
[001 1] Moreover, in the above-mentioned semiconductor device, it is desirable for the amount of Pb contained in 
Sn which constitutes the aforementioned solder to be 1 ppm or less. Thus, by decreasing the content of Pb, the 
probability which carries out alpha decay can be reduced to or less conventional 1 / ten to 1/100. Therefore, the rate 
of a soft error can be reduced sharply. Moreover, as for the aforementioned solder, in the above-mentioned 
semiconductor device, it is desirable to contain Above Sn as the most components. 

[0012] Moreover, in the above-mentioned semiconductor device, it is desirable to have a wrap package for the 
support substrate by which flip chip junction of the aforementioned semiconductor substrate was done by the 
aforementioned solder bump, and the aforementioned semiconductor substrate further. Thus, if a semiconductor 
device is constituted, the strong semiconductor package of soft error resistance can be formed. Moreover, as for the 
configuration of the aforementioned solder in the joint of the aforementioned semiconductor substrate and the 
aforementioned support substrate, in the above-mentioned semiconductor device, it is desirable that it is the waist 
configuration where the center section was narrow. Thus, if a semiconductor device is constituted, since the stress 
concerning an electrode can be distributed, the fall of the fatigue life of solder can be prevented. 
[0013] Moreover, it is attained by the circuit board characterized by having a support substrate, the electrode 
formed on the aforementioned support substrate, and the above-mentioned solder bump formed on the 
aforementioned electrode. Thus, by constituting the circuit board, soft error generating at the time of carrying a 
semiconductor device on the circuit board can be reduced. Moreover, it is attained on the front face of the circuit 
board and the aforementioned circuit board by the electronic-circuitry equipment characterized by having the 
above-mentioned semiconductor device by which flip chip junction was carried out. Thus, since the malfunction of 
the semiconductor device by the soft error etc. can be decreased if electronic-circuitry equipment is constituted, the 
reliability of electronic-circuitry equipment can be raised. 

[0014] Moreover, as for the configuration of the aforementioned solder in the joint of the aforementioned 
semiconductor device and the aforementioned circuit board, in above electronic-circuitry equipment, it is desirable 
that it is the waist configuration where the center section was narrow. Thus, if a semiconductor device is 
constituted, since the stress concerning an electrode can be distributed, the fall of the fatigue life of a joint can be 
prevented. Thereby, the reliability of electronic-circuitry equipment can be improved. 
[0015] 

[Embodiments of the Invention] The semiconductor device by the 1st operation gestalt of this invention is 
explained using drawing 1 and drawing 2 . The schematic diagram and drawing 2 which show the structure of the 
semiconductor device according [ drawing 1 ] to this operation gestalt are the outline cross section showing the 
structure of the semiconductor device by the modification of this operation gestalt. 



[0016] The method of preparing systematic safeguards, such as the method of applying the coating agent which has 
an alpha-rays shielding effect in a chip front face as a method of conventionally preventing the soft error by alpha 
rays, the method of changing the layout of the bump on LSI and enlarging distance to the source of alpha rays and 
an element, and error correction, the method of reducing the impure amount of resources used as the source of 
alpha rays included in solder material, etc. were used. 

[0017] In the conventional CMOS device, the bump has been stationed so that the distance to the source of alpha 
rays and an active region may separate as much as possible, and soft error reversal has been prevented. However, if 
a degree of integration will become still higher from now on, it will be necessary to station a solder bump also on 
an element. Moreover, if alpha-rays prevention by layout change of a bump is performed, although it is necessary to 
make detailed further a bump's diameter of a pad, and pitch size, it is necessary to secure the fatigue life by this 
stress enough repeatedly in this case. 

[0018] The method of reducing the source of alpha rays included in solder material to these methods is very 
effective. However, in the Sn-Pb system solder used conventionally, in the usual chemical treatment, it was 
impossible to have removed the isotope of Pb which participates in alpha decay, and it was not desirable from the 
field of material cost. 

[0019] Then, the invention-in-this-application person etc. considered constituting solder using the material which 
does not participate in alpha decay instead of the conventional Pb as a means to reduce a soft error. It was realized 
that the solder which consists of Bi (bismuth) or Pb by the element with the small atomic number and which used 
Sn (tin) as the base was specifically used. That is, in an element with the atomic number smaller than 81 of Pb, it is 
because alpha rays do not arise since alpha decay does not occur, since the element in connection with radioactive 
series, such as U and Th, does not exist. Moreover, it is because the half-life is as short as 19.9 minutes, and high- 
grade-izing is easy about Bi since there are also few abundance ratios of the isotope, although an isotope exists in 
radioactive series, such as U and Th. 

[0020] In this case, even if the element in connection with radioactive series contains as an impurity in each 
element, compared with the isotope removal in Pb, high-grade-izing of material is comparatively easy, and can 
make material cost cheap. In addition, as an element with the atomic number smaller than 81 of Pb, Sb (antimony), 
Ag (silver), Zn (zinc), etc. can be used, for example. 

[0021] Furthermore, the invention-in-this-application person found out that it was important to reduce Pb content, 
respectively about the composition element of solder. For example, although the Sn-Sb system solder used 
conventionally emitted little alpha rays, even if it removed U and Th which participate in alpha decay as much as 
possible out of Sn-Sb solder, the amount of alpha rays was not fully able to be reduced. 

[0022] As a result of an invention-in-this-application person's etc. investigating about this cause, it found out that 
alpha rays had occurred by the alpha decay of the isotope (214Pb(s) with an especially short half-life, 212Pb, 
210Pb) of Pb contained as an impurity in Sn. Then, when the amount of content Pb(s) in Sn was decreased, it turns 
out that the amount of alpha rays can be reduced. That is, the probability which carries out alpha decay was able to 
be reduced by holding down Pb concentration to 1 ppm or less to or less conventional 1 / ten to 1/100. 
[0023] Next, the semiconductor device using the above-mentioned solder as a solder bump is constituted, and the 
result which evaluated about soft error resistance is shown. First, the CMOS device constituted by n type MOS 
transistor and p type MOS transistor was formed according to the manufacture process of the usual MOS transistor 
on the p type silicon substrate. 

[0024] Subsequently, the pad electrode which consists of the wiring layer which consists of aluminum (aluminum) 
of about 1 micrometer of thickness, Ti (titanium) film of about lOOnm of thickness, a nickel (nickel) film of about 
200nm of thickness, and an Au(gold) film of about 200nm of thickness was formed through the insulating layer of 
about 500nm of thickness on the silicon substrate in which the CMOS device was formed. In this way, the 
semiconductor substrate 10 by which the semiconductor device was formed and the pad electrode was formed in 
the front face in the shape of a matrix was formed. 

[0025] Then, using the various solders shown in Table 1, on the pad electrode of the semiconductor substrate 10, 
the solder bump 12 was formed and the semiconductor device 14 was formed with the galvanizing method and the 
solder ball ( drawing 1 (a)). In addition, the dross-inclusion concentration of Pb used the thing 1 ppm or less for Sn 
raw material which constitutes a solder. Then, flux was applied to the front face of the semiconductor device 14 
formed in this way, and flip chip junction was carried out on the circuit board 16 which consists of A1N in a 
conveyer furnace ( drawing 1 (b)). At this time, the solder bump's 12 path was 100 micrometers, and the pitch 
between the solder bumps 12 was 210 micrometers. 

[0026] Thus, the rate of soft error reversal was measured about the semiconductor device 14 carried on the circuit 
board 16. In addition, the rate of soft error reversal generated alpha rays to the semiconductor device 14 using Po 



(polonium) standard sample (dose : 8.0x10 -3 Bq), and was measured with the circuit tester. Moreover, the amount 
of alpha rays in solder material was measured by the alpha-truck method. 

[0027] Consequently, as shown in Table 1, (the example 1 or the example 16), and the rate of soft error reversal 
were able to acquire the ten to 2 fit/bit [ less than ] value by using the solder which consists of Bi or Pb by the 
element with the small atomic number and which used Sn as the base instead of Pb. That is, as compared with the 
conventional Pb-5wt%Sn solder shown in the examples 1 and 2 of comparison, the rate of 2 or more figures low 
soft error reversal was able to be attained. 
[0028] 
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Therefore, if the solder bump for flip chip junction is formed using such a solder, the rate of soft error reversal of a 
semiconductor device can be reduced sharply. Moreover, since a solder bump can be stationed in the shape of a 
matrix by reducing the amount of alpha rays generated from a solder, it is not necessary to make detailed a bump's 
diameter of a pad, and pitch size, and the fall of a solder bump's fatigue life can be prevented. 
[0029] Moreover, when low-battery-ization of the detailed-izing and supply voltage of a semiconductor device 
progresses further, a soft error can be prevented effectively. In addition, although the above-mentioned operation 
gestalt explained the case where a semiconductor device was joined on the circuit board, you may join a 
semiconductor device to other substrates. For example, as shown in drawing 2 , a cap 20 may be put on the 
semiconductor device 14 joined on the substrate 18, and a semiconductor package 22 may be formed. Moreover, on 
the circuit board, a semiconductor device may be joined and a multi chip module may be formed. 
[0030] Moreover, in the above-mentioned operation gestalt, in case a solder is constituted, it is effective to make it 
the most components in a solder serve as Sn. Next, the semiconductor device by the 2nd operation gestalt of this 
invention is explained using drawing 3 or drawing 6 . The graph with which drawing 3 shows the relation between 
the tensile strength of Sn-Sb system solder and Sb addition, drawing where drawing 4 explains the problem by a 
solder bump's configuration, the schematic diagram showing the structure of the semiconductor device according 
[ drawing 5 ] to this operation gestalt, and drawing 6 are drawings showing the procedure which performed the 
fatigue-life examination in this operation gestalt. 

[0031] If the solder bump for flip chip junction is formed using Sn system solder in the 1st operation gestalt, the 
rate of soft error reversal of a semiconductor device can be reduced sharply. However, the degree of hardness 



compares with Sn-Pb system solder, and the above-mentioned Sn system solder is a stiff. For example, as Sn-Sb 
system solder shows to drawing 3 , the tensile strength is 2 seven to 15 kgf/mm, and is larger than 3.5kgf/mm2 of 
Sn-Pb system solder. 

[0032] For this reason, if it joins by solder for example, using the solder bump 12 as shows drawing 4 , stress will 
concentrate on electrodes 24 and 26 in the case of junction, and we will be anxious about bringing about the fall of 
a fatigue life. This operation gestalt shows the structure of the semiconductor device which stress does not 
concentrate on an electrode in the case of junction. 

[0033] The semiconductor device by this operation gestalt has the feature in constituting so that the configuration of 
the solder after junction may turn into the waist configuration where the center section was narrow. That is, on the 
electrode 24 formed in the semiconductor substrate 10, the solder bump 12 formed so that the upper part might 
become thin is formed. On the other hand, the solder bump 12 formed so that the upper part might become thin is 
formed also on the electrode 26 on the circuit board 16 which carries a semiconductor device 14. Moreover, the 
stud bump 28 for making distance of the semiconductor substrate 10 and the circuit board 16 to join into a 
predetermined value further is formed in the circuit board 16. 

[0034] Thus, if the formed semiconductor device 14 is joined to the circuit board 16, the junction 30 by the solder 
in which the center section was narrow will be formed of the solder bump 12 of a semiconductor device 14, and the 
solder bump 12 of the circuit board 16. The interval between a semiconductor device 14 and the circuit board 16 is 
controlled by the stud bump 28 by desired distance. 

[0035] Since the stress concentration given to electrodes 24 and 26 in the case of junction by constituting the 
semiconductor device 14 and the circuit board 16 which have such a solder bump 12 is miti gable, when flip chip 
junction is performed using the above-mentioned Sn system solder, the fall of the fatigue life of the soldered joint 
section can be suppressed. Next, the result which performed fatigue-life evaluation is explained using drawing 6 
about the semiconductor device by this operation gestalt. 

[0036] First, the semiconductor substrate 10 of 13mm angle which has arranged the electrode 24 in the shape of a 
matrix was created as a sample for fatigue-life evaluation. The electrode 24 formed Ti film of about lOOnm of 
thickness, nickel film of about 200nm of thickness, and Au film of about 200nm of thickness by the cascade screen 
deposited one by one by the spatter. Subsequently, the solder bump 12 was formed on the electrode 26 of the circuit 
board 16, and the electrode 24 of the semiconductor substrate 10, using as a solder the Sn-5wt%Sb alloy which set 
Pb concentration in solder material to 1 ppm or less. Moreover, the stud bump 28 who consists of Au was formed in 
the four corners on the circuit board 16. A stud bump's height was adjusted so that the height of the solder bump 
after junction might be set to 120 micrometers. 

[0037] The solder bump formed by carrying out the vacuum evaporationo of the solder 12, after covering the 
semiconductor substrate 10 with the metal mask 32, as shown in drawing 6 (a). Thus, by forming the solder bump 
12, the upper part can form the solder bump 12 of a narrow configuration ( drawing 6 (b)). Thus, the solder bump 
12 formed the semiconductor device formed on the semiconductor substrate 10. 

[0038] Then, after applying flux to a front face, flip chip junction to a semiconductor device 14 and the circuit 
board 16 was performed by performing alignment of a semiconductor device 14 and the circuit board 16 ( drawing 
6 (c)), and performing a reflow all over a conveyer furnace ( drawing 6 (d)). Thus, the joined junction 30 was a 
waist configuration 210 micrometers and whose bump height the pitch between about 100 micrometers and a bump 
is 120 micrometers for the path. 

[0039] Then, as a result of performing a -65-125-degree C spalling test for the flip chip zygote formed in this way, 
the examination of 100 cycle could be cleared and it turns out that it has the fatigue life of the same grade as Pb- 
5wt%Sn solder. Thus, since according to this operation gestalt it constituted so that the configuration of the solder 
bump after junction might turn into the waist configuration where the center section was narrow, using Sn system 
solder in the 1st operation gestalt, it can suppress that stress concentrates on an electrode in the case of junction. 
Thereby, a fatigue life equivalent to Pb-Sn system solder is securable. 

[0040] Moreover, with this operation gestalt, since the solder used for the semiconductor device by the 1st 
operation gestalt is applied also to the electrode 26 on the circuit board 16, the reliability of the electronic-circuitry 
equipment with which the semiconductor device was carried in the circuit board can also be raised. In addition, 
although the above-mentioned operation gestalt explained the case where a semiconductor device was carried in the 
circuit board, in case the semiconductor package shown in drawing 2 is formed, it can apply. That is, in case a 
semiconductor device 14 is joined to a substrate 18, it can carry out by the method shown in drawing 6 . 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the schematic diagram showing the structure of the semiconductor device by the 1st operation 
gestalt of this invention. 

[Drawing 2] It is the outline cross section showing the structure of the semiconductor device by the modification of 
the 1st operation gestalt of this invention. 

[Drawing 3] It is the graph which shows the relation between the tensile strength of Sn-Sb system solder, and Sb 
addition. 

[Drawing 4] It is drawing explaining the problem by a solder bump f s configuration. 

[Drawing 5] It is the schematic diagram showing the structure of the semiconductor device by the 2nd operation 
gestalt of this invention. 

[Drawing 6] It is drawing showing the procedure which performed the fatigue-life examination in the 2nd operation 
gestalt of this invention. 
[Description of Notations] 
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[Drawing 1] 
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[Drawing 6] 
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